The human high-affmity receptor for interleukin 2 (IL-2) has been proposed as being a membrane complex composed of at least two distinct polypeptide chains: p55 (a chain), recognized by the anti-Tac monoclonal antibody (mAb), and p75 (( chain), both of which are capable of binding IL-2. Whereas the a chain itself has been shown to be nonfunctional, the (3 chain appears to be pivotal in the IL-2 signal transduction, although the (3 chain is otherwise poorly characterized. Three (3 chain-specific mAbs, designated Mik-(31, -(32, and -(33, were developed. Mik-(81 and -132 completely inhibited the IL-2 binding to the P chain, whereas Mik-83 immunoprecipitated the (3 chain crosslinked with 125I-labeled IL-2. The (3 chain immunoprecipitated by these mAbs was revealed to have a Mr of 68,000-72,000. High-affimity IL-2 binding was completely abolished by Mik-(31. Although IL-2-dependent T-cell growth at high IL-2 concentrations was not inhibited by the anti-Tac, it was almost completely inhibited by Mik-(81 in the presence of the anti-Tac. These results clearly indicate that the (3 chain is an indispensable component to the high-afflinity IL-2 receptor and is responsible for the IL-2 signal transduction. The (3 chain was found to be constitutively expressed without the a chain on the surface of peripheral blood Leu-19+ natural killer cells.
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The growth of T cells is regulated by interaction between interleukin 2 (IL-2) and its receptor (IL-2R) (1, 2) . Recent chemical crosslinking studies (3) (4) (5) using 1251I-labeled IL-2 (125I-IL-2) have suggested that the high-affinity receptor for IL-2 having a dissociation constant (Kd) of =10 pM is a membrane complex composed of at least two distinct polypeptide chains; one is the Mr 55,000 peptide (p55 or a chain) recognized by the monoclonal antibody (mAb) anti-Tac (6, 7) , and the other is a peptide with a putative Mr of 75,000 (p75 or 1 chain). Unlike many multisubunit receptors, each of the two subunits ofthe IL-2R can be individually expressed in the absence of the other. Moreover, individually existing a and p chains are capable of binding IL-2 with low (Kd 10 nM) and intermediate (Kd 1 nM) affinities, respectively (8, 9) .
Only when both chains are expressed together on the same cell are high-affinity receptors detectable (8) (9) (10) .
cDNA transfection experiments (11) , in which non-T cells were made to express a chains alone in the absence of 3 chains, have shown that the a chain itself is nonfunctional. In contrast, the interaction of IL-2 with the p chain alone has been shown to be sufficient to trigger cell differentiation and proliferation in the absence of the a chain (12, 13) . Furthermore, binding of IL-2 to the p3 chain, but not the a chain, allows the internalization of IL-2 (14) . Thus, the P chain appears to play an important role in the IL-2 signal transduction. Nevertheless, the 8 chain has been neither purified nor well characterized primarily because of the absence of specific reagents.
We report herein the direct identification and characterization of the p chain by utilizing three mAbs that we generated; furthermore, we provide evidence that the pl chain is an indispensable component of the high-affinity IL-2R and is responsible for the IL-2 signal transduction. (4) . Human recombinant IL-2 (Takeda, Osaka, Japan) was radioiodinated with Enzymobead (Bio-Rad), and its specific activity was 40,000-70,000 cpm/ng.
MATERIALS AND METHODS
Production of mAbs. A BALB/c mouse was immunized i.p. at 1-to 2-wk intervals with 1 x 107 YTS cells. Three days after the fourth booster immunization, spleen cells were fused with PAI mouse myeloma cells (17) 25 ,ul of 5 nM 125I-IL-2 was added and incubated for 1 hr. Cell-bound radioactivity was then separated as described (4) and counted in a y-counter. With the latter assay, the p chain-radiolabeled IL-2 complex was prepared. Under low-affinity conditions (i.e., 5 nM 125I-IL-2), YTS cells were crosslinked with 2 mM disuccinimidyl suberate (Pierce) as described (4) chains) were used, not only the Mr 90,000 band (P chain + IL-2) but also a Mr 70,000 band (a chain + IL-2) were observed (Fig. 2, lane 5) (Fig. 3B) .
Effects of Mik-j31 on the High-Afflinity IL-2 Binding and IL-2-Induced T-Celi Growth. To study the role of the P chain in the high-afflinity IL-2R complex, Mik-/31, which specifically inhibits IL-2 binding to the /3 chain, was employed. An IL-2 binding study was performed in the presence or absence of Mik-/31 using an IL-2-dependent human T-cell line, Kit 225 (16) , which manifests high-and low-affinity IL-2R. As displayed in Fig. 4A Fig. LA ) and also to abrogate the high-affinity binding (Fig. 4A) By using these antibodies, the / chain was demonstrated to have a Mr of 68,000-72,000. As described elsewhere (19, 20) (Fig. 1A) .
Mik-,81 completely abolished the high-affinity IL-2 binding to the IL-2-dependent T-cell line Kit 225 (Fig. 4A) with the intermediate-affinity /3 chains. When both antibodies were present, the proliferation was almost completely inhibited, supporting the view that the /3 chain is responsible for mediating the IL-2 signal. However, the fact that an IL-2 signal through high-affinity receptors is blocked by Mik-P31 only when the anti-Tac is simultaneously present may also suggest that the a chain is somehow involved in the initial events of the signal transduction through the / chain. The possible presence of an additional receptor subunit has yet to be clarified. Molecular cloning of the / chain utilizing these mAbs is necessary to examine these possibilities.
Attempts to purify the ,B chain protein utilizing an IL-2-coupled affinity column have been met with difficulties, which may be in part explained by the following observations. We developed the sandwich enzyme-linked immunosorbant assay (ELISA), in which Mik-/33 was coated on the plate, and biotinylated Mik-P31 plus alkaline phosphataseconjugated avidin were used as the second reagents to detect the solubilized /8 chain (unpublished). When we used this assay system to study whether the solubilized /8 chain could bind IL-2, it was found that IL-2 efficiently competed with biotinylated Mik-,31 for the binding to the solubilized ,B chain fixed on the solid phase. However, the IL-2 concentration required for the aforementioned competition was much higher than that required for the binding competition of intact ,/ chain present on viable cells, suggesting that affinity of the solubilized ,3 chain to IL-2 is much lower than that of intact ,B chain on cell membranes. These observations also indicate that the antigen recognized by Mik antibodies is indeed capable of binding IL-2.
We (12) Two-color flow cytometric analysis using anti-,8 chain mAbs clearly showed that -10% of peripheral blood lymphocytes manifest the /3 chain and that this population is mainly composed of Leu-19' NK cells (Fig. 5B) . These results may account for the previous observation that NK cells lacking the a chain could be induced to proliferate by addition of relatively high concentrations of IL-2 (27) (28) (29) . Preliminary studies showed that =10%o of human thymocytes are reactive with Mik-31, indicating that a subpopulation of thymocytes constitutively expresses the IL-2R P chain, as has been inferred by others (30) . The functional role of the IL-2R 8 chain in thymocytes can now be examined by the use of these mAbs.
